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The observation of GW170817 binary neutron star (BNS) merger event has imposed strong bonds
on the speed of gravitational waves (GWs) locally, inferring that the speed of GWs propagation is
equal to the speed of light. Current GW detectors in operation will not be able to observe BNS
merger to long cosmological distance, where possible cosmological corrections on the cosmic expan-
sion history are expected to play an important role, specially for investigating possible deviations
from general relativity. Future GW detectors designer projects will be able to detect many coales-
cences of BNS at high z, such as the third generation of the ground GW detector called Einstein
Telescope (ET) and the space-based detector deci-hertz interferometer gravitational wave obser-
vatory (DECIGO). In this paper, we relax the condition cT /c = 1 to investigate modified GW
propagation where the speed of GWs propagation is not necessarily equal to the speed of light.
Also, we consider the possibility for the running of the Planck mass corrections on modified GW
propagation. We parametrize both corrections in terms of an effective GW luminosity distance and
we perform a forecast analysis using standard siren events from BNS mergers, within the sensitivity
predicted for the ET and DECIGO. We find very strong constraints on the running of the Planck
mass, namely O(10−1) and O(10−2) from ET and DECIGO, respectively. Possible anomalies on
GW propagation are bound to |cT /c − 1| ≤ 10−2 (10−3) from ET (DECIGO). We finally discuss
the consequences of our results on modified gravity phenomenology.
PACS numbers: 98.80.-k, 95.36.+x, 04.50.Kd, 04.30.Nk
I. INTRODUCTION
Astronomical information from gravitational wave
(GW) observations will open a new and wide spectrum
of possibilities to investigate fundamental physics, which
might shed light to clarify open questions in modern
cosmology, especially regarding the dark sector of the
Universe. One of the most fascinating and important
sources of GWs is certainly the gravitational radiation
emitted from binary neutron star (BNS) mergers. At
present, one BNS merger event has been detected, the
GW170817 event [1], accompanied by its electromagnetic
counterpart, the GRB 170817A event [2], located at 40
Mpc (z ≈ 0.01). This event was also the first standard
siren (SS) observation, the GWs analog of astronomical
standard candles, and opened the window for the multi-
messenger GW astronomy (we refer the reader to [3] for
a summary of all GW detections up to the present time).
Although the GW170817 event is located at very low z,
preliminary cosmological information and consequences
of this observation are important to the understanding of
our Universe locally. These observations were also used
to measure H0 at 12% accuracy [4]. An improvement of
this result was presented in [5, 6], while we refer to [7–9]
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for proposals to use SS to measure H0 with more accu-
racy in the near future. A very important consequence
of this BNS signals was the strong bound placed on the
GW speed, |cT /c − 1| ≤ 10−16, where cT and c are the
propagation speed of the GWs and light, respectively.
In practical physical terms, this means that, locally, the
speed of GWs propagation is equal to the speed of light.
Strong constraints have been also imposed on modified
gravity/dark energy scenarios [10–13].
The detectability rate of the BNS merger with
their electromagnetic counterpart from the current
LIGO/VIRGO sensitivity is expected to be low for the
next years. Also, the sensitivity of these detectors will
not able to detect BNS merger at high z. The central
importance of GW astronomy is testified by the plans
for construction of several GW observatory interferome-
ters, beyond the present performance of the LIGO and
Virgo interferometers, such as Cosmic Explore [14], Ein-
stein Telescope (ET) [15, 16], LISA [17], DECIGO [18],
TianQin [19], IMAGEM [20], among others, to observe
GWs in the most diverse frequencies bands and differ-
ent types of GW sources. Certainly, the most promising
projects to detect SS events from BNS merger will be the
ET and DECIGO detectors, given their frequency bands
and sensitivity designs. These detectors will be able to
detect thousands of GWs events with great accuracy, and
have been widely used for cosmological constraint inves-
tigations [21–38].
In this work, setting cT /c = 1 for z < 0.1 (cosmological
distance ten times greater than GW170817), we relax the
condition cT /c = 1 at high z and we perform a forecast
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2analysis on the ratio cT /c, up to z = 2, from some mod-
ified gravity parametric models where the speed of GWs
propagation is not necessarily equal to the speed of light.
Also, we consider the possibility for the running of the
Planck mass corrections on modified GW propagation.
To this purpose, we generated standard siren mock cata-
logs from BNS mergers, within the sensitivity predicted
for the ET and DECIGO.
The paper is structured as follows. In Section II, we
present the theoretical scenario in which the GW propa-
gation is modified when cT /c 6= 1, as well as also in pres-
ence of the running of the Planck mass corrections. In
Section III, we describe briefly our methodology and the
main forecast analysis results. In Section IV, we discuss
consequences of our results on modified gravity models.
Lastly, in Section V we outline our final considerations
and perspectives. Throughout the text, the prime sym-
bols indicate derivatives with respect to the conformal
time, and a subscript zero refers to a quantity evaluated
at the present time.
II. GRAVITATIONAL WAVES IN MODIFIED
GRAVITY
The most general tensor metric perturbation evolution,
under the FRW metric, can be written as [39]
h′′A + (2 + ν)Hh′A + (c2T k2 + µ2)hA = ΠA , (1)
where hA is the metric tensor perturbation, being A =
{+,×} the label of the two polarization states, and H
is the Hubble rate in conformal time. The quantities ν,
cT and µ represent the running of the effective Planck
mass, the GW propagation speed and the effective gravi-
ton mass, respectively. The function ΠA denotes extra
sources generating GWs, which we assume to be null.
The running of the Planck mass enters as a friction term
and it is responsible for modifying the amplitude of the
tensor modes, acting as a damping term during the cos-
mic time. This is also related to the strength of grav-
ity. The term c2T k
2 + µ2 accounts for modifications of
the GW phase. In general, all these functions depend
on the parameters of a specific theory (e.g., see [40, 41]
and references therein for more details on the physical
interpretation of these functions).
Recently, it has been discussed that modifications in
the underlying gravity theory can affect not only the
generation mechanism (waveform of the GWs), but also
their propagation through cosmological distances [42, 43].
Since the GW amplitude is inversely proportional to the
luminosity distance, the modification in the amplitude
and phase coming from Eq. (1) can be interpreted as
a correction to the GW luminosity distance on general
theories of modified gravity (see also [40, 44]). Assum-
ing theories with µ = 0 and for tensor modes inside the
horizon, where the GW wavelength is much smaller than
the cosmological horizon, we have that the effective GW
luminosity distance for non-trivial function ν and cT sat-
isfies the equation1
dGWL (z) =
√
cT (z)
cT (0)
exp
[
1
2
∫ z
0
dz′
1 + z′
ν(z′)
]
×
(1 + z)
∫ z
0
cT (z
′)dz′
H(z′)
,
(2)
where, for ν = 0 and cT = 1, we recover the general
relativity case (ΛCDM cosmology), that is, dGWL (z) =
dEML (z), where d
EM
L is the standard luminosity distance
for an electromagnetic signal. Generalizations and inter-
pretations of some effective GW luminosity distance have
been recently studied in the context of modified gravity
theories (see, e.g., [46–53]).
In order to move on, we need to specify a gravitational
model. A common procedure is to choose phenomenolog-
ically functional forms to model the dynamics of ν and
cT . In the recent literature, this has been done through
αi’s functions (see, e.g., [54–56]), especially to investigate
the Horndeski gravity and beyond. The quantities ν and
cT are well modeled for αM (Planck-mass run rate) and
αT (tensor speed excess), respectively, following the re-
lationships ν = αM and c
2
T (z) = 1 + αT (z). Typically,
the αi’s evolution is given as some power n of the scale
factor a(t) or the dark energy density Ωde(a). In the
present work, we adopt the parametrization αi = αi0a
n,
where the label i refers to M and T . Denoting by n1 and
n2 the powers over the Planck-mass run rate and tensor
speed excess, respectively, we thus have αM = αM0a
n1
and αT = αT0a
n2 .
Furthermore, an important role is played by the sta-
bility conditions of the theory. Suitable values of the
free parameters must be considered to have a stable
theory throughout the evolution of the Universe (see
[56] and reference therein). The stability conditions for
αM = αM0a
n1 can be summarized as follows:
n1 >
5
2
, αM0 < 0 ; (3)
0 < n1 < 1 +
3Ωm0
2
, αM0 > 0 , (4)
where Ωm0 is the present normalized matter density.
Moreover, the stability of the tensor modes requires
c2T (z) = 1 + αT (z) > 0. In the following, we adopt these
conditions in our results.
In Figure 1, we show corrections on the effective GW
luminosity distance induced from both contributions αT0
and αM0, inducing d
GW
L > d
EM
L and d
GW
L < d
EM
L for
αM0 > 0 and αM0 < 0, respectively. In drawing the plot,
we keep αM0 fixed and we vary αT0 between [-0.01, 0.01]
for both stability conditions αM0 > 0, < 0. We note
that for αM0 < 0, corrections with positive (negative)
1 For a didactic deduction of Eq. (2), see Appendix A in [45].
3FIG. 1. Corrections on the effective GW luminosity distance (cf. Eq. (2)) as a function of the redshift for different values of the
tensor speed excess αT0 with fixed values of αM0. Left panel: αM0 = −0.1, n1 = 3, n2 = 1. Right panel: αM0 = 0.1, n1 = 1,
n2 = 1. The limit d
EM
L (z)/d
EM
L = 1 represents general relativity.
values of αT0 will induce d
GW
L > d
EM
L (d
GW
L < d
EM
L ),
compared to the αT0 = 0 prevision. While, when consid-
ering αM0 > 0, for αT0 > 0 (< 0) we have d
GW
L > d
EM
L
(dGWL < d
EM
L ). Therefore, the determination of the sig-
nal, imposed by the stability conditions, provides a va-
riety of possible corrections on the effective luminosity
distance. In the following, we will present observational
bounds on these parameters.
III. METHODOLOGY AND RESULTS
We shall now consider the waveform emitted by the
binary system. For a given a GW strain signal h(t) =
A(t) cos[Φ(t)], one can use the stationary-phase approxi-
mation for the orbital phase of inspiraling binary system
to obtain its Fourier transform h˜(f). In the case of a
coalescing binary system of masses m1 and m2, we have
h˜(f) = QAf−7/6eiΦ(f) , (5)
where A ∝ 1/dGWL is the modified amplitude given by
Eq. (2). The Φ(f) is the inspiral phase of the binary sys-
tem. More details on the post-Newtonian coefficients and
waveforms can be found in [49] and references therein.
Once the modified GW signal for compact binaries is
defined, for a high enough signal-to-noise ratio (SNR), we
can obtain upper bounds on the free parameters of the
GW signal h˜(f) by means of the Fisher information anal-
ysis. Estimating dL(z) from GW standard sirens mock
data is a well consolidated methodology, and we refer to
[49] for a detailed description. Pioneer studies in this
regard are represented by the works [57, 58].
In what follows, we consider the ET and DECIGO
power spectral density noises to generate our mock stan-
dard siren catalogs. Figure 2 shows the spectral noise
density curve of both experiments. ET is a third-
generation ground detector, covering the frequency range
1 − 104 Hz. The signal amplitude which ET is sensible
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FIG. 2. Detector spectral noise density for the Einstein Tele-
scope (ET) and deci-hertz interferometer gravitational wave
observatory (DECIGO).
to is expected to be ten times larger than the current
advanced ground-based detectors. The ET conceptual
design study predicts an order of 103 − 107 BNS de-
tections per year. Nevertheless, only a small fraction
(∼ 10−3) of them is expected to be accompanied by
a short γ-ray burst observation. Assuming a detection
rate of O(105), the events with short γ-ray bursts will
be O(102) per year. DECIGO is the most sensitive GW
detector proposed in the 0.1−10 Hz band, enough to de-
tect a cosmological GW background generated at early
times, the mergers of intermediate-mass black holes and
a large number of BNS merges. These GW sources enable
us to measure the cosmological expansion with unprece-
dented precision [33–38] and to test alternative theories
of gravity [59–61]. Based on this setup, in [37] it has
been shown that cosmological parameters can be accu-
rately measured by DECIGO with a precision of ∼ 1%
assuming a large number of BNS.
4In our simulations, we considered 1000 BNS mock GW
standard sirens merger events, up to z = 2, for the ET
and DECIGO detectors. Details on our method can be
found in [49]. Redshift range and event numbers rate
are fully compatible with the sensitivity of both instru-
ments. For each event, in each catalogue, we estimate the
measurement error on the luminosity distance for the ET
and DECIGO configurations by applying the Fisher ma-
trix analysis on the waveforms (see [49] for details). We
then construct the Fisher matrix for the parameters of
the cosmological model under consideration as
Fij =
∑
n
1
σ2ins + σ
2
lens(zn) + σ
2
v(zn)
∂dL(zn)
∂θi
∂dL(zn)
∂θj
,
(6)
where the sum n runs over all standard sirens
mock events. The derivatives are performed
with respect to the cosmological parameters
θi = {H0, Ωm0, αM0, αT0, n1, n2} evaluated at
their fiducial input values. In our analysis, we used
θi = {67.4, 0.30, 0.0, 0.0, 3.0 (1.0), 1.0} as fiducial
values. The n1 values have been chosen to fulfil the
stability conditions (3)-(4) from αM0 < 0 (> 0). The
quantities σ2ins, σ
2
lens(zn) and σ
2
v(zn) are the instru-
mental, lensing and galaxy peculiar velocity errors,
respectively. For both instruments, we consider the
galaxy peculiar velocity error given by [65]
σ2v = dL ×
∣∣∣1− (1 + z)2
H(z)dL
∣∣∣σv,gal , (7)
where σv,gal is the one-dimensional velocity dispersion of
the galaxy, set to be 300 km/s, independent of the red-
shift. For ET, the other uncertainties can be summarized
as [22]
σ2ins + σ
2
lens =
( 2dL
SNR
)2
+ (0.05zdL)
2 , (8)
while, for DECIGO, we have [66]
σ2ins +σ
2
lens =
( 2dL
SNR
)2
+dL×0.066
[1− (1 + z)−0.25
0.25
]1.8
.
(9)
Thus, the total uncertainty on the measurement for each
experiment is given by
σdL =
√
σ2ins + σ
2
lens + σ
2
v . (10)
We calculated the SNR of each event and confirmed
that it is a GW detection if SNR > 8. When per-
forming the integration, we assumed flow = 1 (0.1) Hz
for ET (DECIGO). As for the upper frequency limit,
we considered fupper = 2fLSO for both cases, where
fLSO = 1/(6
3/22piMz) is the orbital frequency at the last
stable orbit, with Mz = (1 + z)M . In the DECIGO case,
if fupper > 10 Hz for any event, then we fixed fupper = 10
Parameter σ(ET) σ(DECIGO)
αT0 0.0099 0.0033
αM0 > −0.17 > −0.055
n1 0.60 0.22
n2 1.50 0.59
TABLE I. Forecast constraints from the ET and DECIGO
experiments, under the stability condition αM0 < 0. The
notations σ(ET) and σ(DECIGO) represent the 95% C.L. es-
timation on the fiducial input values from ET and DECIGO,
respectively.
Parameter σ(ET) σ(DECIGO)
αT0 0.0077 0.0032
αM0 < 0.091 < 0.052
n1 0.31 0.21
n2 1.50 0.59
TABLE II. Forecast constraints from the ET and DECIGO
experiments, under the stability condition αM0 > 0. The
notation is the same as in Table I.
Hz. More details about NSs parameters distributions can
be found in [49].
Table I and II summarize the forecast constraints at
the 95% confidence level (C.L.) on the parameters of the
theory. Figure 3 shows the parameter space from both
stability conditions on the running of the effective Planck
mass, where a direct comparison on each parameter from
each experiment can be seen. We are particularly in-
terested in the limits on αM0 and αT0, especially on
αT0, to quantify deviations on the speed of GW prop-
agation. We note that the observational bonds from DE-
CIGO sensitivity are significantly improved when com-
pared to ET. In fact, this is expected as DECIGO is
more sensitive in amplitude than ET (cf. Figure 2) at
low frequencies, where the binary system is still emit-
ting signals, thus making possible to detect BNS merg-
ers events with higher SNR values with respect to ET.
Therefore, the errors measurement of the free parame-
ters of the theory will be more accurate in the DECIGO
experiment due to the higher SNR associated with the
events in this band. This can be quantified through the
ratio ri = σ(DECIGO)/σ(ET), where the index i runs
over the free parameters of the theory. For the stabil-
ity condition αM0 < 0, we obtain an improvement of
rαM0 = 32% and rαT0 = 33% when compared to ET. For
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FIG. 3. One-dimensional marginalized distribution, and 68% and 95% C.L. regions for the parameters of the theoretical models
under study, from the ET and DECIGO experiments. On the left panel and right panel, the stability conditions αM0 < 0 and
αM0 > 0 are considered, respectively.
αM0 > 0, we have rαM0 = 57% and rαT0 = 41%.
Our simulations strongly limit possible deviations from
general relativity. This is evident from the constraints
on the running of the Planck mass: −0.17 (−0.06) <
αM0 ≤ 0 from ET (DECIGO) and 0 ≤ αM0 < 0.09 (0.05)
from ET (DECIGO), under the conditions αM0 < 0 and
αM0 > 0, respectively. These limits appear significantly
more robust than the current constraints [62–64], be-
ing able to limit strongly some phenomenological gravity
models.
The main aim of this work is to find new limits on
αT0 and, as expected, we obtained |αT0|  1. In partic-
ular, we find that αT0 can be tightly constrained when
analyzed by DECIGO, with an improvement of one or-
der of magnitude with respect to ET. It is important to
emphasize that, to the authors’ knowledge, the forecast
analysis on αT0 has never been performed in the litera-
ture from the point of view of standard sirens GWs data.
Therefore, we shall discuss two different perspectives in
this context, from two different future GW experiments.
For αM0 < 0, we find αT0 ∼ O(10−2), O(10−3) from ET
and DECIGO, respectively. When considering αM0 > 0,
we obtain αT0 ∼ O(10−3), O(10−3) from ET, DECIGO,
respectively. In [67], combining future missions of stage
IV photometric redshift and CMB surveys, the authors
found αT0 ∼ O(10−1). Thus, a direct comparison be-
tween these and our estimates reveals that forthcoming
GWs data have the potential to constrain αT0 with an
accuracy up to two orders of magnitude greater when
compared to future CMB and LSS surveys. On the other
hand, it is important to note that all of these borders
on possible anomalies in GWs propagation quantified at
high z are several orders of magnitude larger than those
provided by the GW170817 event locally, where in fact
no corrections on general relativity should be expected.
Hence, investigating cT (z) at very high z can open new
perspectives in this sense, to test gravity models where
in principle cT /c 6= 1.
In Figure 4, we show a reconstruction of c2T , in units
of c = 1, as a function of the cosmic time up to z = 2
(statistical limit information of our mock SS catalogs).
In the reconstruction, we considered z = 0.5 as a cut-off,
in order to quantify c2T at high z only. We remind that,
in our analysis, we assume cT /c = 1 at low z, motivated
by GW170917 event. Thus, we are bounding c2T at high
z in such a way to be compatible with GW170917 at low
z. The reconstruction is done for both experiments and,
as expected, the constraints are stronger in the case of
DECIGO. For the stability condition αM0 > 0, we find
that c2T can deviate from general relativity at the [5−7]%
and [2− 4]% levels from ET and DECIGO, respectively.
In considering αM0 < 0, we find ∼ [7−6]% ([2−4]%) for
ET (DECIGO).
We calculate the Figure of Merit (FoM) for the esti-
mated sensitivities of the parameters αT0 and αM0, in
its corresponding plane as
FoM(M) = |F |1/2 Γ(M/2 + 1)
piM/2
(δχ2)−M/2 , (11)
6FIG. 4. Reconstruction of c2T for αM0 < 0 (left panel) and αM0 > 0 (right panel) using the 68% and 95% C.L. results from the
Fisher information analysis on the ET and DECIGO experiments. The colours match those of Figure 3.
where
δχ2(M,n) = 2 , G
[
M
2
, 1− erf
(
n√
2
)]
, (12)
being G the inverse of the Γ regularized function. Here,
M is the number of parameters of the theory, erf is the
error function, n is the level of statistical confidence de-
sired, and |F | is the determinant of Fisher Matrix Fij
[68]. The above definition offers the advantage to make
useful comparisons for different dark energy experiments
or, in this case, for future GW experiments with respect
to their sensitivity in constraining different cosmologi-
cal parameters. Higher values of the FoM correspond to
tighter constraints on the model. Specifically in the case
of αM0 < 0, we find that the sensitivities on (αT0, αM0)
from the DECIGO experiment (FoM = 52.195) improves
the FoM from the ET experiment (FoM = 3.897) by a
factor of ∼ 13.4, while, in the case with αM0 > 0, we find
FoM = 73.967 and FoM = 5.631 from the DECIGO and
ET experiments, respectively, with an improvement by a
factor of ∼ 13.1. As can be seen also in Figure 3, this
represents a great improvement on the whole baseline of
the scenarios under investigation.
IV. IMPLICATIONS ON MODIFIED GRAVITY
PHENOMENOLOGY
We briefly discuss here the implications of our observa-
tional constraints on some examples of modified gravity
models. Although our borders on αT0 and αM0 have
been obtained parametrically, without loss of generality,
we can follow the opposite path and consider appropriate
models in order to study consequences on some scenar-
ios. Within the Horndeski theories of gravity [69, 70], the
GWs propagation speed can be described by c2T = 1+αT
[54], and one has
M2∗αT = 2X(2G4X − 2G5φ − (φ¨− φ˙)G5X) , (13)
where the functions G4,5 depend on the scalar field φ and
X ≡ −1/2(∇µφ∇µφ) is the kinetic term. The function
M2∗ is the rate of evolution of the effective Planck mass.
As a first example, we consider the derivative coupling
theory in which the scalar field couples to the Einstein
tensor in the form ξφGµν∇µ∇νφ [71, 72]. The parame-
ter ξ represents the coupling constant of the theory and
quantifies possible anomalies on the GWs speed prop-
agation. The general relativity case is recovered when
ξ = 0. In the Horndeski Lagrangian formalism, this sce-
nario corresponds to G4 = M
2
pl/2 and G5 = ξφ. Then,
we can write the tensor speed excess as M2∗αT = 2ξφ˙
2.
Thus, the speed of GWs is given by
c2T = 1 +
2φ˙2
M2∗
ξ . (14)
At intermediate z, it is reasonable to assume φ˙/M∗ '
1, so that we estimate −0.005 . ξ . 0.006 (−0.002 .
ξ . 0.002) at the 95% C.L. from ET (DECIGO), in the
case αM0 < 0. Similar conclusions, in terms of order
of magnitude on ξ, are obtained when considering the
stability condition αM0 > 0.
A second well-known scenario where cT 6= c are the co-
variant Galileons models [73, 74], which are characterized
by the functions G4 = M
2
pl/2 + β4X
2 and G5 = β5X
2,
where β4 and β5 are constants. This generates a non-
trivial evolution for the speed of GWs, namely
c2T = 1 +
φ˙4
M2∗
[
2β4 − β5(φ¨− φ˙)
]
. (15)
In the particular cases β4 = β5 = 0 and β5 = 0, we
obtain the cubic and quartic Galileon scenarios, respec-
tively. For a qualitative discussion, we consider the
quartic Galileon model, for which we find the constraint
−0.005 . 2β4φ˙4/M2∗ . 0.006 at the 95% C.L. An ex-
act and accurate solution for φ(t) would require a thor-
ough investigation of the cosmic dynamics, but assuming
that the field does not vary much with respect to Planck
7mass, within the validity range of our analysis, we can es-
timate |β4| ∼ O(10−3). In general, the full dynamics of
the model should be consistent with the aforementioned
range.
Many other gravity models predict possible anomalies
on GWs propagation, where in general our parametric
boundaries can be used to impose some limitation on such
theories. It is not our main aim to make an exhaustive
qualitative comparison with the most diverse scenarios.
In short, our results show that for any and all models
that theoretically predict cT /c 6= 1, this ratio must be
approximately in the range 0.993 . cT /c . 1.0065 and
0.998 . cT /c . 1.002 at the 95% C.L. as predicted by ET
and DECIGO, respectively, for both stability conditions
on the running of the Planck mass.
V. FINAL REMARKS
Modifications of the general relativity theory are moti-
vated mainly to explain the dark sector of the Universe.
Due to extra degrees of freedom of gravitational origin,
modified gravity models predict physical properties be-
yond the standard features of general relativity. Among
several consequences, many theories call for possible
anomalies on GWs propagation. The observation of the
GW170817 event has imposed that the speed of GWs is
equal to the speed of light for scales less than 40 Mpc.
This puts strong limits and discards any model that
predicts cT 6= c within this cosmological scale. However,
the dark energy effects are manifested on large scales.
Motivated by this aspect, we thus performed a forecast
analysis using 1000 standard siren events from BNS
mergers, within the sensitivity predicted for ET and
DECIGO up to z = 2 (∼ 15539 Mpc). In so doing,
we searched for a new border on the ratio cT /c when
considering modifications on GWs propagation between
source and detector, considering corrections on the
speed of GWs. We found |cT /c− 1| ≤ 10−2 (10−3) from
ET (DECIGO), which leaves room for small possible
corrections predicted by alternative theories, compared
to the only information from GW170817 event at very
low z. Our analysis relies on a simple functional form
of αT , and other more robust parametric functions may
be used to model the cT (z) dynamics more effectively.
Nevertheless, the main findings of this work represent
the first observational constraints obtained by using
information from SS mock data from future detector
design. In this respect, our results open a new window
for possible tests on cT (z) in the future.
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